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Sal. typhimurium SW629 is the same strain with what has beeu reported
by Seligmaunu et al. (1945) aud by Edwards et al. (1954) as a strain which has
poorly motile and faiutly auti-i agglutiuable phase 1, called X-phase, aud
normal 1.2-phase 2. The present report deals with the similarity, genet:ﬁ%l
as well as pheuotypical, of the mode of phase variatioun iu this strain with

that in Sw1061 (Iino, 1956-i),

MATERIALS AuD METHODS.

The culture of SW629, used iu this experimeut, has been maintained ia
a mutrient agar stab at room temperature.

For the comparative study, Sal. tychimurium straiua TM2 (i:1.2), typieal
diphasics, and SW106l, a mouophasic mutant of TMZ with uon-motile phase 1 aird

1.2-phase 2, were used. Iu trausductiounal aualysis, Sal. heidelberg SW1092

(r:1.2), which has Fla~ liuked to H,, was used as a recipieut.
Methods of autigeu type test aud transductiou were the same as described
iu the previous report (Iimc, 1956-i). Leifsou's method (Leifson, 1951) was

emploied for flagellar stainiug.

EXPERIMEWTAL RESULTS.

Antigeu reacticus of SW629. H~antigen reactious of SW629 were

examined followed to the description by Fdwards et al. (1954). Wheu the
cultures were streaked ou FMB-gzlactose plates, scme colouies growu aggluti-
nated with auti-1.2 serum but not with auti-i serum, aud the others aggluti-

nated ueither anti-i wor auti-1.2 serum (X-colouies of Seligmaun et al. 1945).



Microscopical observatiou of hanging drpps aund flagellar stains showed that
the cells o?fff%wazglutinable colony are mostly motile and flagellated,
whereas X-phase cells are mostly uwon-motile aud uon~flagellated., When ftwo
types of colouies were respreaded ou petri dishes with MGA media, awti-1.2
azglutinable colouies formed swarms with few éompant colonies, while X-

rhase colouies formed compact cclounles mixed with few swarms. Many compact
colouies produced sectorial swarms iu prolonged cultures (2 to 3 days at 37C).

A compact colony (X-phase colouy) was isolated to?hutrieut agar slautg.
after oue or two day culture at 30C, autigen types were examiued by slide
agglutination test. As controls, parallel cultures of TM2 originated from
i-phase colouny aund SW1061 from uou-motile colony were used. The TM2 culture
agglutinated strougly with anti-i serum, but both SW629 and SYW1061l didn't,
Tube dilution test gave the same result: among dilutiou series from 1/10 t0
1/10x2'2 of originsl autii serum, i-phase of TM2 agglutinated with 1/10 to
1/10x210 autiserums, but SW629 and SW106l did not show H-agglutiunation iu
any conceutrations tested,

The slant cultures were trausferred to peuassay broth, stresked ou
EMB-galectose plates, pvlated on plaiu or anti-1,2 MGA media, or spotted on
anti-1,2 MGA deep tubes. The rest of the cultures were suspended in distiled
water and used for flagellar staiuiune., Microscopical observation of the stained
bacteria showed that the slaut culture of SW629 was the mixture of flagellated
and wou-flagellpted cells, The frequency of non-flagellated cells iu a sample
was 0,58 (122 among 210). Antigen type of 20 colouies growun ou the EMB-
galactose plate was as follows; 8 amoug 20 agglutiunated with auti-1.2 serum
but wot with suti-i serum, aud other 12 colouies agglutiuatggizgzz auti-1,2
serum uor with anti-i serum. OQ:§GA plated, 175 compact colouies aud 123
svarms were recovered (the frequeucy of compact colounies was 0,59, which

coincidé§well with the frequency of mou-flagellated cells in the culture),

T roa
whereas iu aunti-1.2 MGA platep all of 312 colonies growu were compact; that is,



bhe swarms injglain MGA plate were 1.2 type. The anti-1.2 deep tube culturey
of SW629, however, producéd swarm which agglutinaté'distiuctly with auti-i
serun. The culture from the swarm has maiutained i:1,2 diphasic character ia
serial trausfer through peusssay broth.

The observations ou slant culture were repezted ou three other siigle
colouy isolatiouns of the X-phase. They all gave the same result with the
culture described above, except ,the proportioun of phase 2 cells iu cultures
differed iu different slants,

Selectlou of i-phase by anti-~l.2 MGA deep tubes wore repeated with
larger AfAlfS wumber of X-phase cultures. TEach of 25 siugle colounies of X~
phase aud the same uumber of single colounies of aon-motile phase of SW1061 was
cultured o. a auti-1.2 MGA deep tube. 23 among 25 tubes of S¥629 produced swarms
which agglutinate with auti-i serun, ou the coutrary ouly 6 amoug 25 produced
swarms in SW1061 cultures,

From BRERE these results, it is summarized that SW629 is the mixture
of Fla~ cells and Flat(1.2) cells, which i.terchange each other. The iuter-
chzuge is parallel with phase variatioun in diphasic strain and Fla'(1.2) 2
Fla  interchauge in SW106l. The culture also coutaius few Flat(i) cells
whichﬁﬁgggigauced by reversiou of Fla~ cells. The frequency of Fla (i)
productios 1u SW629 is higher thau iun SW1061, but uot high euough ss can be
reccvered without mass selection by auti-1.2 MGA media,

Transductioual analyses. A factor which iuactivates flagellar

production iu phase 1 was aunlyzed by the same method used lu transductioual
analysis of the mouophasics of SW1091; that is, SWé629 was used as douor and
SW1092 as reciplent. and F1a1092 trausductions were séreeued from brushes on

MGA plates. The results were summarized iu Table 1. 3 i:l.2 tyves and 32

(T):1.2 types were obtained among 332 Flalo02 transductions,besides r:l.2



and (1):1.2 types ( (%):1.2 indicates a type which has Fla~ phase 1 aid 1.2
phase 2 ;g;ih reverts to produce X phase 1 ). This result is explaiued by
32% assumption that tha fall of flagellar productiion iu phase 1 is caused
not by the genetlc change of Hy itself but by the suppressicu of Hy fuuction
by a factor which liuke¢s to both Hy and Flajpgp. The factor will be desig-
nated as Plapl-2 teutatively ( and the suppressor inm SW1061 as Flapi-1).

In order to test whether Flay,_3 aud Flapj_p are allelic or uot,
trausductions were made between SYl051l add SWA29 to both directious. The
lysates obtained from SW629(-), SW10&61(-) and TM2(i) were diluted to the same
titer, 2x109/m1. 0.25 ml of each lysate was mixed with 0.25 ml of penassay
broth culture of SW626(-) or SW1061(~) (deusity of the cells was 109/m1),
aud brushed on anti-1.2 MGA plates., The uumber of swarms recovered was
listed iun Table 2. Aatigeun type of the swarms, sampled 20 cloiues from each
cocmbinatiouns, were tested after isolating to FMB-plates. They were all i.

Ia combiuantions in which SW629 is the recipieant, 68 swarms were recovered
when SW629 ﬁgithe douor, These swarms may be appeared unot by transductioa
but by reversion. The .umber of swarms iucreasg: wheu S¥1061 Wg used as douor,
aud became highest wheu TM2(i) i donor. When SW1061 & the recivient,

aone of the swarms were recovered from self-transduction, whereas 28 swarms
appeared iu $7429 -x, and more thaan huudred in TM2-z., These results indicate
that Flayg 5 aud Flapy_ o are wot allelic but liuked closely. The productiou

of trails were observed ouly whenu TM2 is douor. The siguificauce of this

phenomenon will be discussed latez.

Stability of Flahi_l and Flah;_z. As the result of i-phase
<
screeniug by anti-1.2 MGA stabs has iudicated, SW629(-) rever® more freauently
to i:1.2 type thau SW106l. The differeuce of the frequency was also observed

betweemn —-'1.2 clones obtaiued from S7429 -x SW1092 and SW1061 -x Swl092.



In SyW628 -x SW1092, 30 among 32 §31.2 transductiounal cloues produced phase 1
swarms in the first selection, and the other tiwo produced in the secoud
selection; whereas -=:1.2 from SW106l produced ouly two reversious amoug five
repeated selections of five -:1,2 cloues. Counsecuently, the difference iu
the frequeucy of reversiou between SW629 and SW1061 e#e attributed to the

different reversibility of Flapj.] aud Flapi-2 .

DISCUSSICM,

Phase variatiou of Sal. typhimbrium SW629 is performed betweeu Fla -
vhase 1 aud 1,2-phase 2. The stralu also produces 1:1.2 diphasic tyve by
reversion. These behaviors coincide well with the descriptioun by Seligmann et.
al, (1945) and Edwards et al. (1954) except oue poiat that the difiuite
i reaction could not be observed ou mutrient agar slant cultures ia this
experiment., The discrepaucy ou the reactioun of agar slant culture may be
explaiuned by either oue of following two reasous. The first is the differeunce
of media used; the compositioun of the mutrient ag:r slaut used i. this experimeut
may differ from what has beeu used by Edwards et al., and could wot support
flagellar prodiction iu phase 1 of SW629. The secound explanation is based
ou the high frequeucy of reversicu of SW629; SW629 reverts frequeatly to 131.2
diphasic type, aud mass cultures usually coutain some proportion of 1 type
cells. The culture reported by Edwards et al. may be the culture which has
contained high proportiau of i type cells,

that .

Transductioual analysis showed, SW629 has poteutially active Hi but

its fuuction is supyressed by a factor, Flaﬂl_z. The mode of suppressiou by
Flapj_o 1is quite similar with that of Fla ;_; iu S¥l06l. Ia both cases,
suppression is ou Hy fuuctiou but not ou Hy. Iu both cases, the facter livkes

to Hy aud Flalogz. The factors, however, are wnot allelic zud also differ iu



their frequeucy of reversiox.
_— -1.2)

The trausductious SW629 # SW1061 oa auti MGA media are the first
examples in which swarms were obtaiuned but trails were uwoty from traasductioas
between Fla~ strains. The expla.ation of the mechauism of trail phenoneua in
Fla-transductions still allows several alternatives (Lederberg, 1656).
However, it is the least common assumptiou that the first step of the trail
productiou is the expressic.. of the phesotype (flazellar precduction) before
periect orgauizatiou of Ila factor iutec the chromosome of the recipient takes
Place. Based on this assumption, together with the fzct that Flayy 5 aud Flepy_p
lilk closly each other, the failure of the thail productiou is most nlausibly
explaiued that thé Flay, , or Flayj_p can wot evpress their fuuctiou uuless

they are arranged in a chromosome together; that is, they have cis-traus

position effect each other.

SUMMARY .,

1). Sal, typhimnurium S¥629 changé its phase betweeu Fla~ (phase 1) aud 1.2

(phase 2) in the media tested,

2). The factor (Flaﬁl_z) which supresses the productiou of flagella iu phase 1
liukds to Hl aud F1a1092, but wot idewtical with the Hy suppressor (Flagl_l)
1. SW1061. Flapy-; aud Flapy_ o alsc liuk closly each other, auwd may

beloung to a cistrou, but have differeut frequeucy of reversibility.
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Table 1.
r
Trausduction, SW629 (-:11.2) -x SW1092 (Fla™, R:1.2)

Flajpgz were used as selective marker.

Experimental no, 1 2 3 L 5 .6 Total
(r):1.2 35 2 33 5 12 13 145

Antigewu r :(1.2) 29 40 13 3 48 27 161
type (1):1.2 0 0 1 0 0 1 2

of i (1.2) 0 0 0 0 1 0 1
traugductious (¥®):1.2 0 0 1 0 0 1 2
(T):1.2 11 1 7 9 0 2 30

1

Total 75 43 k5 62 62 L4 334

Table 2.

wumber of swarms aud trails produced from trausductious
amoag TM2, SW629 aud SW10€1, Swarms were screeued ou

anti-1.2 MGA plates.

Douor M2 SW629  Swl06l ™2 SWé29 SW1061

Recivient SW629 Sw629 SWé629 SW1061  S71061  Swl06l1

o, of swarm 218 68 152 114 28 0
over over




